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hfrt. ait, mm&m.^mi}^ o o k g f wto 
j^tcji , wm* 1 5 %tiTt Lxmm-t t zti>? 

m i ] mmmm 1 m^mhm^mm ( a > , 
^-e^asifc^ffiH ( b ) . 
[02] mmmm 1 co^ssfeiii^»fiii0„ 
[03]ni^®eaiifc:i>jts, 77y^<mxmK 

50 rtfcttg|55:ffiA-fS*ffi^^-nKTO. 



[04] *#Hfc*J»t6. &ITO*§^ 
[05] it«t05 1 

[He i wmi <ommm?wm®. 
[07] mm 2 <mm^*ym^mm. 

[08] itW2^^^€«^BnS0„ 

[09] mmuzmz. is-^mjj tmmomm 

[010] mtm2izm& , m^coma^i o% i . 
<r>^cr>, mm&nmwm. io 2 . 

[0ii] mm2\zmh, m&smm.m^ 5% 2 1 

<W%fe<n, ^UlSScoBrffi0. 2 2 

[012] HH&W 2 CtS*t h , ^algPcO^**M 5 % 23 

m<r>^a), m&&<mmm. 3 . 

[013] mM3 \,zmh , u~^tbj]kmmc?)% 8 . 



(6) mm^-l 1-245065 

1 0 

[014] «*HfctJt« , 2aws-w— f®%-fZ,i% 
[0l5]ia»CT(cfcttS, U-«tfia5r^gL^ 



[01 6] mmizmt, mtzxmmiiiLim 
mmmmm ( a ) &v. zmxmmm ( b > . 
[^oitsB] 



. ma, 

- If AJBft. 

mat, 



(a) 



[01] 





23 
21 



22 1 




[03] 
2 



22 



[02] 



[05] 



21 - 



2 77>5.**P 

N.J , 

id 



-1**»«P 



[04] 




< -»ras±-c©siait> 

[06] 
29 



23 




21 



[010] 




[07] 





[08] 

h 7 r 29 



3 

-e 



•21 



22 



22 
3 



: 10%) 



(7) 



ftfflW-l 1-24 5 06 5 



[091 



[01 1] 



[012] 



sobbbwi 



1 ^29 



1 ^29 



no 





50 




40 


* 






30 


* 






20 




10 




0 



100 



u—oth* (w) 

100 200 300 400 500 
■ I I I » I ■ I I I 




[013] 



; : ! i I 














n 




1 \ \ A H 












i . _*_uN 1 







200 380 400 

i*JU¥ (w) 



500 600 



<ft**:35%> 



[H14] 




[015] 




(b) 





• ;0.4 


mat 


A; 0.6 


(«) 


DjO.B 



j ^ Page 1 of 6 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the welding lap joint which welded the flange and the 

shank by laser radiation, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In welding high-carbon steel, there is a method of performing melting 
welding using high energy heat sources, such as laser welding. In this melting welding, a baked crack, a 
shrinkage crack, etc. occur under the contraction stress and ingredient presentation-effect which are 
generated at the time of melting coagulation. It is known by performing a preheating and a postheat 
treatment before and after the approach of suppressing the energy at the time of laser welding low, or 
welding construction, in order to solve this trouble conventionally, and preventing hardening of a weld 
zone that the weldability of high-carbon steel will be improved to some extent. Moreover, low-carbon 
steel is added at the time of welding, and the method of preventing hardening of a weld metal is learned. 
[0003] Moreover, the method of manufacturing the joint which performs laser welding and consists of 
two members is indicated. For example, the method (refer to drawing 5 and drawing 6 ) of 
manufacturing the flat-surface superposition joint which welds the flat-surface section and a shank is 
learned by establishing the hole for insertion in the interior of a flange, inserting a shank into it, and 
irradiating laser to the flat-surface section of a flange. Moreover, a shank is inserted in the interior of the 
hole for insertion of the flange of a joint, laser radiation of the boundary section of a flange and a shank 
is carried out, and the method (refer to drawing 7 and drawing 8 ) of manufacturing the butt joint which 
welds a flange and a shank is learned. 
[0004] 

[Problem(s) to be Solved] However, also in the approach of controlling the energy at the time of the 
above-mentioned conventional welding, and the method of performing a preheating and a postheat 
treatment, the effectiveness of preventing the crack in a fusion zone is in few inclinations in the 
combination of a dissimilar metal ingredient. 

[0005] Moreover, in the lap joint manufactured using laser welding, as it is not eased but is shown in 
drawing 14 , the contraction stress of the fusion zone produced at the time of welding may break in the 
welding interface 94 in the fusion zone 93 by welding of two members 91 and 92, and 95 may generate 
it. It is thought that a crack 95 is for contraction stress to work in the direction which pulls apart two 
members 91 and 92 which consist of a dissimilar material by coagulation by rapid quenching of a fusion 
zone 93. 

[0006] Then, performing welding process to JP, 1-205892,A twice is indicated about the butt joint. 
Moreover, as shown in JP,1 -205893 ,A at drawing 15 , while making a carbon content fewer than the 
member 92 of the shank equipped with the member 91 for flanges inside a flange among two members 
91 and 92 about a butt joint The method of preventing a crack is proposed by shifting the laser radiation 
location L to the member 91 side for flanges with few carbon contents, thickening thickness of the 
fusion zone 93 in the member 91 for flanges, and stopping the carbon content of a fusion zone 93. 
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[0007] However, by the approach of establishing welding process and a flange side plate heavy filling 
bar difference twice, controlling a fusion zone carbon content, and preventing a crack, the effect of a 
laser radiation location and the joint section path clearance of components tend to become unstable. 
Moreover, as shown in drawing 16 , the grain boundary 97 of the metallic crystal 96 in the fusion zone 
of two members 91 and 92 which consist of a dissimilar metal may become brittle, and the impurity 
elements 98, such as P, S, C, and Si, may deposit there. Therefore, these approaches have productivity 
and the inadequate stability of quality, and are inferior to mass-production nature. 
[0008] This invention was made in view of this conventional trouble, and tends to offer the welding lap 
joint which can prevent the crack in the laser fused junction section, and its manufacture approach 
[0009] 

[Means for Solving the Problem] The flange which has the hole for insertion which invention according 
to claim 1 consists of a flange and a neck, it is prepared in the interior of both, and the edge of a neck 
was made to carry out opening at least, and consists of a magnetic material, Are the approach of 
manufacturing the welding lap joint which consists of a shank which consists of a wear-resistant 
metallic material inserted into the above-mentioned hole for insertion, and the above-mentioned shank is 
inserted into the above-mentioned hole for insertion of the above-mentioned flange. It is the 
manufacture approach of the welding lap joint characterized by irradiating laser and carrying out laser 
welding of the above-mentioned flange and the shank to the periphery section of the above-mentioned 
neck. 

[0010] Next, it explains per operation of this invention. A shank is inserted into the hole for insertion of 
a flange, and laser is irradiated at the periphery section of the neck of a flange. Then, a neck and the 
shank located in the inner direction fuse, and laser welding is carried out. The fusion zone by laser is 
solidified by cooling. 

[001 1] For this reason, as shown in drawing 1 (b), tensile stress acts on a circumferential direction A 
and shaft orientations B at a fusion zone 1 . However, if the lap joint configuration of the periphery 
section of the neck 22 in this invention is used, in connection with the variation rate which the outer 
diameter of a neck 22 contracts, the tensile stress of a circumferencial direction A will decrease with the 
stress of a circumferencial direction A. With this variation rate, the force of fastening a shank 3 acts by 
the neck 22 on a periphery, and a neck 22 and a shank 3 stick also fields other than an adhesion fusion 
zone. For this reason, the tensile stress of the shaft orientations produced between a neck 22 and a shank 
3 is distributed to parts other than a fusion zone, and the operating stress to a fusion zone 1 decreases. 
Moreover, the grain boundary of a metallic crystal is also firm and there is also no deposit of an impurity 
element. Therefore, it is very rare for a crack to occur in a fusion zone 1 . Moreover, by the wide range 
laser output, since a good fusion zone without a crack can be formed, the product yield improved and it 
is fit also for mass production. 

[0012] Moreover, since it has the flange which consists of a magnetic material, a welding lap joint can 
be used as components using magnetism. Moreover, since a welding lap joint has the shank which 
consists of a wear-resistant metallic material, it is excellent in the abrasion resistance in the sliding 
section. 

[0013] What consists of one sort according to claim 2 as which the above-mentioned magnetic material 

is chosen from the group of silicon steel, nickel system alloy steel, and ferritic stainless steel like, or two 

sorts or more can be used. The presentation of nickel system alloy steel is shown in Table 2, and the 

presentation of silicon steel shows the presentation of ferritic stainless steel in Table 1 in Table 3, 

respectively. 

[0014] 

[Table 1] 



c 


Si 


Mn 


P 


S 


Pb 


Fe 


^ O. 02 


^3. 0 


^ O. 3 


^ O. 02 


S O. 02 


=£0. 25 


Bal 



[0015] 
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[Table 2] 



c 


1 Si 


Mn 


P 


s 


Ni 


Fe 




gO. 05 


£0. 30 


Si. 25 


SO. 04 


SO. 03 


40. 00—50. 00 


Bal 




[0016] 
[Table 3] 






(tt.fi 




C 


Si 


Mn 


P 


S 


Cr 


Al 


Fe 


^0. 12 


^H. 00 


Si. 25 


SO. 04 


SO. 03 


<20. 00 


S5. 00 


Bal 



[0017] It is desirable that it is one sort as which the above-mentioned wear-resistant metallic material is 
chosen from the group of alloy tool steel, high speed tool steel, and martensitic stainless steel like, or 
two sorts or more according to claim 3. Thereby, the reinforcement of a shank can increase further and 
the abrasion resistance in the sliding section can be raised, in addition, the presentation of each wear- 
resistant metallic material - high speed tool steel is shown in Table 5, and alloy tool steel shows 
martensitic stainless steel in Table 4 in Table 6, respectively. 
[0018] 
[Table 4] 



c 


Si 


Mn 


P 


S 


V 


Cr 


MO 


Fu 


S2. 4 


Si. 2 


^0. 6 


SO. 03 


gO. 03 


_2. 2 


Sl5. 0 


S3. 0 


Bal 


[0019] 
[Table 5] 














c 


Si 


Mn 


P 


s 


Cr 


W 


V 


Fg 




Si. 6 


£0. 5 


SO. 4 


SO. 03 


SO. 03 


£'4. 5 


Sl9. 0 


S5. 2 


Bal 





[0020] 
[Table 6] 



c 


Si 


Mn 


P 


S 


Cr 


Fe 


Si. 20 


Si. 00 


Si. 25 


^0. 06 


^0> 03 


Sis. 0 


Red 



[0021] It is desirable that the dilution ratio (B/(A+B)) constituted like with the magnetic material A of 
the above-mentioned flange and the wear-resistant metallic material B of the above-mentioned shank in 
the fusion zone according to claim 4 produced by the above-mentioned laser welding is 15 - 45% (refer 
to drawing 4 ). That is, a dilution ratio means the rate that the wear-resistant metallic material B is 
diluted with a magnetic material A, and it defines as the surface ratio on the same cross section. 
[0022] Since a fusion zone is formed in sufficient depth even for an internal shank when a dilution ratio 
is the above-mentioned range, welding reinforcement becomes high and the crack of a fusion zone can 
be controlled. On the other hand, there is a possibility that a fusion zone may not be formed to sufficient 
depth in a shank, but may become inadequate [ welding reinforcement ] in less than 15% of case. 
Moreover, in exceeding 45%, a possibility that a crack may arise is in a fusion zone. As a means to 
make it a fusion zone become the above-mentioned dilution ratio, there are approaches, such as laser 
output adjustment and adjustment of thickness t of the neck of a flange, for example 
[0023] When 500 or more kgves of welding reinforcement are required, as for thickness t of the neck in 
a flange, it is desirable that it is 0.4-0.8mm. Thereby, the outstanding welding reinforcement is 
securable. On the other hand, in the case of less than 0.4mm, board thickness is thin, and there is a 
possibility that a base material (neck) side may fracture from the weldbonding section in it. Moreover, 
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when exceeding 0.8mm, a laser output may serve as high power and it may be necessary to take heat 
distortion etc. into consideration. Moreover, with the ingredient which contains many Si of an impurity 
element like silicon steel, by fusing many bottoms (magnetic material side), Si does a bad influence and 
there is a danger that a crack will occur. 

[0024] As a welding lap joint obtained by performing the above-mentioned manufacture approach For 
example, the flange which has the hole for insertion according to claim 5 which consist of a flange and a 
neck, it is prepared in the interior of both like, and the edge of a neck was made to carry out opening at 
least, and consists of a magnetic material, It is the welding lap joint which consists of a shank which 
consists of a wear-resistant metallic material inserted into the above-mentioned hole for insertion, and 
the above-mentioned flange and a shank have the welding lap joint characterized by joining the 
periphery section of the above-mentioned neck in the fusion zone by which laser welding was carried 
out. 

[0025] Melting welding of a flange and the shank is carried out by irradiating laser at the neck periphery 
section of a flange. Since this fusion zone is formed in the periphery section of the neck of a flange, as 
explained in the above-mentioned manufacture approach, its contraction stress which works to a joint at 
the time of cooling is small. Therefore, it is very rare for a crack to occur in a fusion zone. Moreover, by 
the wide range laser output, since a good fusion zone without a crack can be formed, the product yield 
improves and mass-production nature becomes high. 

[0026] Moreover, since a flange and a shank consist of a magnetic material and a wear-resistant metallic 
material, respectively, its abrasion resistance by sliding is high. Moreover, the welding lap joint of this 
invention can be used as components using magnetism. 

[0027] For the same reason as the above, like claim 6 publication moreover, the above-mentioned 
magnetic material Consisting of one sort chosen from the group of silicon steel, nickel system alloy 
steel, and ferritic stainless steel or two sorts or more like claim 7 publication preferably As for the 
above-mentioned wear-resistant metallic material, it is desirable that it is one sort chosen from the group 
of alloy tool steel, high speed tool steel, and martensitic stainless steel or two sorts or more. Like claim 8 
publication As for the dilution ratio (B/(A+B)) constituted with the magnetic material A of the above- 
mentioned flange and the wear-resistant metallic material B of the above-mentioned shank in the above- 
mentioned fusion zone, it is desirable that it is 15 - 45%. 
[0028] 

[Embodiment of the Invention] The welding lap joint concerning the example of an operation gestalt of 
example of operation gestalt 1 this invention is explained using drawin g 1 - drawing 4 . The welding lap 
joint 8 of this example consists of a flange 2 and a shank 3, as shown in drawing 1 and drawing 2 . A 
flange 2 has the hole 23 for insertion which is established in a flange 21, a neck 22, and the interior of 
both, and penetrates both. 

[0029] A shank 3 has the pipe configuration which has a through hole 30, as shown in drawin g 2 . And 
as shown in drawing 3 , the shank 3 is pressed fit in the hole 23 for insertion of a flange 2. As it is 
indicated in drawing 1 as a flange 2 and a shank 3, it is joined in the fusion zone 1 by which laser 
welding was carried out to the periphery section of a neck 22 by irradiating the laser 7 of output 380W. 
The rotational speed of the flange 2 at the time of laser radiation is 25 mm/sec. 

[0030] As shown in drawing 4 , the dilution ratio (B/(A+B)) constituted with the magnetic material A of 
a flange 2 and the wear-resistant metallic material B of a shank 3 in a fusion zone 1 is 35%. As a 
magnetic material, the silicon steel shown in Table 1 is used. As a wear-resistant metallic material, the 
alloy tool steel shown in Table 4 is used. 

[003 1] The flange 21 in a flange 2 is 6.7mm in the diameter of 22mm, and die length. Moreover, the 
periphery diameter of a neck 22 is 8mm, thickness t is 0.6mm, and die length is 3mm. A shank 3 is a 
cylinder object, is 6.5mm in diameter, and is 20mm in the thickness of 3mm, and die length. 
[0032] The welding lap joint of this example is used as a bulb fo r fuel injection valve ac tuation which 
slides by magnetic ON/OFF. C 

[0033] Next, an operation of this example and effectiveness are explained. A shank 3 is inserted into the 
hole 23 for insertion of a flange 2, and laser 7 is irradiated at the periphery section of the neck 22 of a 
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flange 1 . Then, a neck 22 and the shank 3 located in the inner direction fuse, and laser welding is carried 
out. The fusion zone 1 by laser 7 is solidified by cooling. For this reason, contraction stress occurs 
towards the direction of a medial axis of a flange 2. However, in this example, since the shank 3 is 
formed in the interior of a flange 2, contraction stress is eased by the shank 3. Moreover, the grain 
boundary of a metallic crystal is also firm and there is also no deposit of an impurity element. Therefore, 
it is very rare for a crack to occur in a fusion zone 1 . 

[0034] Moreover, since the welding lap joint 8 has the shank 3 which consists of a wear-resistant 
metallic material, its abrasion resistance in the sliding section is high. Therefore, sufficient endurance is 
maintainable even if it repeats intense sliding by magnetic ON/OFF. 

[0035] The example of one example of a comparison is the flat-surface mold lap joint which carried out 
laser welding to the shank 3 inserted in the interior by irradiating laser 7 at the flat-surface section 29 of 
a flange 2, as shown in drawing 5 and drawing 6 . The thickness of the flat-surface section 29 is 0.6mm. 
The fusion zone 1 is formed in the flat-surface section 29 in the shape of a ring by irradiating laser 7. In 
addition, a shank 3 is a solid object. Others are the same as that of the example 1 of an operation gestalt. 
[0036] The example of two examples of a comparison is the butt joint which irradiated laser 7 at the 
matching section of the flat-surface section 29 of a flange 2 and the shank 3 which are located above the 
hole 23 for insertion, and carried out laser welding of the flat-surface section 29 and the shank 3, as 
shown in drawing 7 and drawing 8 . Others are the same as that of the example 1 of an operation gestalt. 
[0037] In the example of one example of an experiment, it evaluated about the relation between the laser 
output at the time of welding, and the description of a fusion zone. If in charge of evaluation, in the 
manufacture approach of the welding lap joint of the example 1 of an operation gestalt, and the example 
1 of a comparison, and the welding butt joint of the example 2 of a comparison, the laser output was 
changed and laser radiation was carried out. Consequently, as shown in drawing 9 , the large range of 
the good welding condition that there was no generating of a crack having been acquired about the 
welding lap joint of the example 1 of an operation gestalt, when the welding reinforcement of a fusion 
zone 1 was required 500 kgves was 270-450W. On the other hand, in the case of below 270W, the lack 
of welding on the strength might arise. On the contrary, when 450W were exceeded, the inclination 
which a crack produces was in the fusion zone. 

[0038] In the example 1 of a comparison, the narrow range of on the other hand the good welding 
condition having been acquired like the example 1 of an operation gestalt was 270-375W, and the very 
narrow range of it was 270-3 15W in the example 2 of a comparison. When the laser output range where 
the good welding condition of the example 1 of an operation gestalt is acquired was set to 1, this range 
was 0.54 in the example 1 of a comparison, and was 0.23 in the example 2 of a comparison. This shows 
that a crack occurs under the effect of the stress concerning a joint, and the presentation-effect of stress 
and a fusion zone which starts a joint in the latter example 2 of a comparison, and the good range is 
narrowed in the former example 1 of a comparison. As mentioned above, according to the example 1 of 
an operation gestalt, since the good fusion zone 1 which does not have a crack at a wide range laser 
output compared with the examples 1 and 2 of a comparison can be formed, the product yield improved 
and mass-production nature has also been turned to. 

[0039] In the example of two examples of an experiment, it evaluated about the relation between the 
dilution ratio of a fusion zone, and the description of a fusion zone. In evaluation, as shown in drawing 
10 - drawing 12 , the dilution ratio was changed in the welding lap joint of the example 1 of an operation 
gestalt. Consequently, when a dilution ratio was 10%, as shown in drawing 10 , a fusion zone 1 was not 
formed to sufficient depth in the internal shank 3, but welding reinforcement was inadequate. On the 
other hand, the fusion zone 1 was formed to sufficient depth in the shank 3, and as shown in drawing 
11 , to 35% of case, welding reinforcement was high, and did not produce a crack in it, either. Moreover, 
in 45% or more of case, as shown in drawing 12 , it was divided into the fusion zone 1 and 95 arose. 
[0040] In the example of three examples of an experiment, as shown in drawin g 13 , the relation 
between laser output energy and the dilution ratio of a fusion zone was investigated. If in charge of 
investigation, in the welding lap joint of the example 1 of an operation gestalt, the dilution ratio of the 
fusion zone which changes laser output energy and is formed by this was measured. The thickness of the 
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neck which carries out laser radiation was changed with 0.4mm, 0.6mm, and 0.8mm. Neck rotational 
speed of the flange at the time of laser radiation was made into 25 mm/sec: Welding reinforcement was 
also investigated in the spatter of the fusion zone formed from this laser welding and the existence of 
crack generating, and a list. The result was shown in drawing 13 . In addition, threshold value of 
welding reinforcement was set to 500kgf(s). 

[0041] That the good welding condition in the example 1 of an operation gestalt is acquired with a wide 
range energy output from this drawing was the case where a dilution ratio was 15 - 45%. Moreover, 
between thickness t of a neck, and a dilution ratio, when the dilution ratio of a wear-resistant metallic 
material is made 45% or more, it turns out that there is relation that a crack occurs. Moreover, when the 
threshold value of welding reinforcement is 500 or less kgves, it can also weld by making a dilution 
ratio 15% or less. 



[Translation done] 



http ://www4.ipdl j po.go j p/cgi-bin/tran_web_cgi_ejj e 7/26/04 



